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Genomic DNA fragments that carried a gene for human thyrotropin-/? (hTSH& subunit were isolated. Nu- 
cleotide sequence analysis of the gene showed that the hTSHB subunit precursor consists of 138 amino acid 
residues. There is an N-terminal sequence of 20 amino acids as a signal peptide, followed by 112 amino 
acids, whose sequence is in agreement with that known for the secretory form of hTSH/I subunit. This is 
followed by an additional stretch of 6, hydrophobic amino acids, which may be eliminated post-translation- 
ally. The coding region is separated by an intron of about 460 bp. Genomic Southern blot hybridization 
analysis suggested that the hTSH/l gene is a unique single copy gene. 
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1. INTRODUCTION 
Human thyroid stimulating hormone (hTSH) is 
a glycoprotein hormone secreted from the anterior 
pituitary lobe, which plays an important 
physiological role in regulation of the hypothal- 
amus-pituitary-thyroid axis by stimulating produc- 
tion and secretion of the thyroid hormone from the 
thyroid gland. TSH consists of 2 non-covalently 
linked subunits, (Y and p [ 1,2], and is a member of 
a closely related group of glycoprotein hormones, 
which include the luteinizing hormone (LH), 
chorionic gonadotropin (CG), and follicle 
stimulating hormone (FSH). These hormones 
share the same a subunit, which may be encoded 
by a single gene [3], but have different fi subunits, 
which may have been differentiated for the specific 
functions of the hormones. Excess LY subunits, but 
not ,f3 subunits, can be found in the free form in 
normal pituitary [1,4] and in normal placenta 
[1,5], suggesting that the syntheses of the LY and P 
subunits are regulated independently and that syn- 
thesis of the specific p subunit may be the limiting 
process in production of these hormones. 
The cDNA and gene for the a subunit have been 
cloned and the nucleotide sequences of human 
[3,6], mouse [7], bovine [8,9] and rat [lo] prepara- 
tions have been determined. Only the human CG,0 
[18-201, human LW [20] and rat LyO [10,21,26] 
genes for the p subunit of the glycoprotein hor- 
mones have been reported. Mouse [ 1 I] and bovine 
[12] TSW subunit cDNA have been cloned and 
studied. To investigate the control of hTSH,0 ex- 
pression, which plays a key role in the regulation 
of the hypothalamus-pituitary-thyroid axis, and 
also the mechanism of overproduction of TSH in 
some adenomas and its deficiency in some patients 
[28,29], we attempted to isolate the hTSI$3 gene. 
The mRNA of hTSH/3 should be produced only in 
the anterior lobe, which is not readily available as 
material for study. So we cloned the gene directly 
from human DNAs using bovine TSH,& cDNA as 
a probe. 
Here, we report the nucleotide sequence of the 
hTSI-I@ gene. This gene codes for a polypeptide 
consisting of a signal sequence of 20 amino acids, 
‘mature’ TSW subunit of 112 amino acids, and a 
sequence of 6 hydrophobic amino acids at the 
COOH-terminal. It is probably a single gene. 
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2. MATERIALS AND METHODS 
2.1. Enzymes 
Restriction endonucleases, DNA polymerase I, 
and the Klenow fragment were purchased from 
Takara Shuzo (Kyoto, Japan). T4 ligase was a gift 
from Dr T. Tsurimoto. 
2.2. Genomic DNA Southern biot hybridization 
Human leukocyte DNA was isolated as de- 
scribed [27]. Approx. 1Opg of this DNA was 
digested with EcoRI, PvuII, Hind111 or other ap- 
propriate restriction enzymes, and the digests were 
subjected to electrophoresis and Southern filter 
blot hybridization [ 131, A bovine TSI-I@ cDNA in- 
sert fragment, kindly provided by Dr R. Maurer 
[121, was labelled with [a-32P]dCTP by nick- 
translation to a specific activity of 1-5 x 
lo8 cpm/pg DNA. The filters were prehybridized 
[27], and then hybridization was performed at 
65”C, for 17-18 h in 6 x SSC/O.I% SDS/l x 
Denhardt’s solution [27]/1Opg per ml of salmon 
sperm DNA. The filters were washed and sub- 
jected to autoradiography as described in [27]. 
2.3. Human genomic DNA libraries 
Two human genomic libraries were used. The 
first library was constructed by joining complete 
EcoRI cleaved human liver genomic DNA to h 
Charon 28 arms (kindly provided by Mr T. Nagaya 
and Mr T. Nakamura). The initial titer of recombi- 
nant clones was 8.0 x 105. This library was 
screened without amplification by the method of 
Benton and Davis [14]. 
The second library, in which the hTSH,& gene 
was partially enriched, was constructed from 
EcoRI-digested human Ieukocyte DNA. The digest 
of 12OOpg DNA was subjected to electrophoresis 
on 0.7% agarose gel and vertical sections of the 
agarose were subjected to Southern filter blot 
hybridization using bovine TSI-I@ cDNA [12] as a 
probe. Two bands of 2.2 and 3.2 kbp appeared 
(see section 3). The DNAs of corresponding sizes 
were eluted from the remaining agarose gel by elec- 
trophoresis and purified in a CsCl-ethidium 
bromide density gradient. Each DNA was inserted 
into the EcoRI site of pBR325 and transformed in- 
to E. coli RRI. About 4 x 10’ colonies were pro- 
duced, and screened by the method of Hanahan 
and Meselson [15] with bovine TSI$Y cDNA as a 
probe. 
2.4. DNA sequence anaiysis 
Sequencing was done by the method of Sanger et 
al. 1161 with Ml3 mpl0, and mpll as cloning 
vectors. 
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Fig. 1. Genomic Southern bIot hybridization analysis of 
the hTSI-I@ subunit gene. Human leukocyte DNA was 
digested with EcoRI (lane l), Hind111 (lane 2), and PvuII 
(lane 3). After electrophoresis on 0.7% agarose gel, the 
DNA was transferred to a nitrocelfulose filter, and then 
hybridized to the cY-32P-labeIled 320 bp cDNA fragment 
encoding the bovine TSH,8 subunit as described in 
section 2. The positions of marker DNAs in NindIII- 
digested h phage DNA are shown on the left. 
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Fig.2. Restriction map and sequencing strategy of 
pT@E21 and pTpE31 that, respectively, carry the 2.2 and 
3.2 kbp DNA fragments of the hTSH,& gene. Only the 
restriction sites used in this study are displayed. Solid 
bars indicate the amino acid coding regions as deduced 
from the nucleotide sequence (see fig.3). Met and Ter 
represent the initiator methionine and termination 
codons, respectively. 
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3. RESULTS AND DISCUSSION 
3.1. Genomic Southern blot hybridization 
The 320 bp fragment of the bovine TSH@ 
cDNA, provided by Dr R. Maurer [12], encodes 
part (9 amino acid residues) of the signal peptide 
and 99 amino acid residues of the mature TSH,& 
subunit. With this fragment as a probe, Southern 
blot hybridizations of HindIII- and PvuII- 
fragments of human genomic DNA from 
leukocytes each gave a single band (fig.1, lanes 2 
and 3), while EcoRI-fragments of the DNA gave 
bands of 3.2 and 2.2 kbp (fig. 1, lane 1). Fragments 
of the corresponding size were cut out from the gel 
and cloned into the EcoRI site of pBR325 to con- 
struct a pBR325 library. 
ATTTCAGTTGACCTmTTGGACTTTATCn"rCTGGTGTCTTGGGATGGTACTGAAGT 
*s 
TTGG?TATAC~T~%TTGG~CTTTGCCCCT~CTGA~AACAAATAGG~C~AA~ATC~GA~AGC ATG ACT GCT CTC m CTG 
Met Thr Ala Leu Phe Leu 
+I 
ATG TCC ATG CTT T'M GGC CTl- GCA TGT GGG CAA GCG ATG TCT -l-IT TGT ATT CCA ACT GAG TAT ACA ATG CAC ATC 
Met Ser Met Leu Phe Gly Leu Ala Cys Gly Gln Ala Met Ser Phe Cys Ile Pro Thr Glu Tyr Thr Met His Ile 
+I0 +20 +30 
"b 
GAA AGG AGA GAG TGT GCT TAT TGC CTA ACC ATC AAC ACC ACC ATC TGT GCT GGA TAT TGT ATG ACA CGG GTATGTA 
Glu Arg Arg Glu Cys Ala Tyr Cys Leu Thr Ile Asn Thr Thr Ile Cys Ala Gly Tyr Cys Met Thr Arg 
+40 +50 +54 
GTTCATGTCACTTCTITTGGCTG . . . . . . . . . . . . . . ...0.46 kbp intron..............ATTATGcTCTCllTICTGlXlTTCCCCAG 
ii 
EAT ATC AAT GGC AAA CTG m c-n ccc AAA TAT GCT CTG TCC CAG GAT GTT TG~ ACA TAT AGA GAC nc ATC TAC 
Asp Ile Asn Gly Lys Leu Phe Leu Pro Lys Tyr Ala Leu Ser Gln Asp Val Cys Thr Tyr Arg Asp Phe Ile Tyr 
+55 +60 +70 
AGG ACT GTA GAA ATA CCA GGA TGC CCA CTC CAT GTT GCT CCC TAT TTT TCC TAT CCT GTT GCT TTA AGC TGT AAG 
Arg Thr Val Glu Ile Pro Gly Cys Pro Leu His Val Ala Pro Tyr Phe Ser Tyr Pro Val Ala Leu Ser Cys Lys 
+80 +90 +lOO 
TGT GGC AAG TGC AAT ACT GAC TAT AGT GAC TGC ATA CAT GAA GCC ATC AAG ACA AAC TAC TGT ACC AAA CCT CAG 
Cys Gly Lys Cys Asn Thr Asp Tyr Ser Asp Cys Ile His Glu Ala Ile Lys Thr Asn Tyr Cys Thr Lys Pro Gln 
+llO +120 
"d 
AAG TCT TAT CTG GTA GGA TTT TCT GTC TAA TAGTGATATAATTTGCAATG~AAATGTGC~GCCTGAAATAAAGCTAATAAAAAT 
Lys Ser Tyr Leu Val Gly Phe Ser Val Ter 
t130 +I32 +138 
ATTATGTTTCACATTATCTTCTGTTCATTTTGAGTACTAmAATCCATACCC 
Fig.3. Nucleotide sequence of the hTSH,& subunit gene. Nucleotide sequencing was done as described in section 2. The 
deduced amino acid sequence is also displayed and the putative initiator methionine in the prepro TSH,!3 is numbered 
+ 1. The nucleotide sequences from *a to *b and from *c to *d represent the entire sequence coding for 138 amino 
acids, amino acids +54 and +55 being interrupted by an intron. The first 20 amino acids may be a signal peptide. 
The amino acid sequence from Phe at residue + 21 to Tyr at residue + 132 matches that of mature hTSm polypeptide, 
as determined by amino acid sequencing [ 171. 
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3.2. Cloning of human DNA fragments carrying 3.3. Nucieotide sequence of the hTSHP gene 
the hT$Hfl gene Restriction maps of pTflE21 and pT,8E31 were 
The h Charon 28 genomic DNA Iibrary carrying constructed and are shown in fig.2 Nucieotide se- 
EcoRI digested human liver DNA and the pBR325 quencing was done with the whole cIoned 
DNA library carrying EcoRI digested human fragments or parts of them by the strategies hown 
leukocyte DNA, were employed for screening in the same figure. The nucleotide sequence is 
clones for the TSH@ gene. About 8.0 x 10’ recom- shown in fig.3. In the 2.2 kbp DNA fragment car- 
binant phages were surveyed, with bovine TSH@ ried in pTflE3 1, the putative initiator methionine 
cDNA [ 121 as a probe, and one positive clone was of the prepro TSH,& was detected and was 
obtained. Southern blot hybridization of this numbered as the amino acid residue + 1. An open 
phage clone showed that it carried the 3.2 kbp reading frame is seen in the region between *a and 
component. This 3.2 kbp EcoRI fragment was *b (see legend to fig.3). The first part of this 
subcloned into the EcoRI site of pBR322 to yield region, which may be a single peptide, consists of 
pT,@E21. With the same bovine cDNA probe, 5 20 amino acids and is rich in hydrophobic residues. 
positive clones were obtained from approx. 4 x 10s The deduced amino acid sequence from + 21 to 
colonies in one of the pBR325 libraries carrying the + 54 matches the amino acid sequence determined 
2.2 kbp EcuRI fragment. One clone (pT,&E31), by analysis of the hTSW subunit protein 11,171 ex- 
that was confirmed to carry the 2.2 kbp EcoRI cept for t-28 and +29 as described below. The 
fragment, was used for subsequent analyses. amino acid coding sequence is interrupted after 
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Fig.4. Harr plot analysis for comparison of the nucleotide and amino acid sequences of hTSH@ and hLH@. Harr plots 
to demonstrate amino acid (a) and nucleotide (b) sequence homologies between hTSH,6 and hLH/3 and their 
corresponding genes. The amino acid and nucleotide sequences of hLH/3 and its gene are from Maghuin-Rogister et 
al. [31] and Talmadge et al. [20]. Each dot represents the position where 1 amino acid or 4 nucleotides match in the 
2 sequences. Arrowheads represent he positions of introns. 
amino acid + 54 from which the GT sequence, cor- 
responding to the consensus intron donor site se- 
quence, starts. The nucleotide sequence matching 
the rest of the hTSH@ amino acid sequence from 
residues + 55 to + 132 is present in the 3.2 kbp 
DNA fragment carried in pTPE21, preceded by the 
consensus intron acceptor site sequence AG. The 
codon of amino acid + 132 is followed by 6 codons 
for hydrophobic amino acids and then by the ter- 
mination codon TAA. These data indicate that the 
human DNA fragments carried in pT,BE31 and 
pTpE21 cover the hTSI$3 gene and that they can 
be aligned in this order with a DNA region of 
about 0.46 kbp located between codon + 54 and 
+ 55. We conclude that this region represents an 
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intron. We cannot exclude the possibility that a 
small EcoRI fragment may exist between the 2.2 
and 3.2 kbp DNA fragments. Our deduced amino 
acid sequence differs from that obtained by amino 
acid sequencing [l, 171 at amino acids + 28 and 
+29, where we found threonine and methionine 
residues instead of methionine and threonine 
residues. 
The initiator methionine codon at + 1 was 
assigned for the following reasons: (i) there is a ter- 
mination codon TGA 6 bp 5 ‘-upstream from the 
methionine codon; (ii) among the 3 methionine 
codons preceding phenylalanine at residue + 21, 
the methionine at + 1 is followed by a sequence of 
hydrophobic amino acids with a size correspond- 
Volume 188, number 2 FEBS LETTERS September 1985 
ing to that of a signal peptide; (iii) comparison of 
this sequence with that of mouse TSH,8 cDNA, 
whose initiator methionine codon has been unam- 
biguously assigned [111, strongly suggests that the 
first methionine is the initiator. So far, the TSH,& 
coding sequences have been analysed only with 
mouse and bovine cDNAs. Our work demon- 
strated, for the first time, the location of the intron 
in the TSH/3 gene. 
The nucleotide sequence of the coding region of 
hTSw shows 84.7% and 89.9% homologies with 
the mouse and bovine coding region, respectively. 
However, there was no appreciable homology in 
the 5 ‘-untranslated regions of the hTSH,B gene and 
bovine TSW cDNA [12] as judged by cross- 
hybridization tests. The absence of homology in 
nucleotide sequences and the fact that hTSH,8 
mRNA is not readily available, prevented us from 
determining the 5 ’ - and 3 ’ -untranslated regions of 
this gene, or its promoter region. Similarly, the 
possible presence of another intron in this region 
cannot be excluded. For the same reason, we think 
it is premature to discuss the 3 ‘-untranslated 
regions. These problems require further study. 
The hTSH,& precursor deduced from the 
nucleotide sequence has a stretch of 6 hydrophobic 
amino acids attached to the carboxyl-terminus of 
the mature TSH@ polypeptide. The presence of 
such an extension at the carboxyl-terminus has also 
been noted with bovine TSH,8 cDNA [12] in which, 
however, the extension is 5 amino acid residues. 
This extension seems unlikely to be a cloning ar- 
tifact, because the sequence of human and bovine 
extensions show high homology. Moreover, from 
mouse cDNA studies a similar extension polypep- 
tide has been predicted [l 11. The mature hTSH,8 
subunit may, then, be produced by posttransla- 
tional processing. Elimination of the extension 
polypeptide might induce a conformational change 
of the protein molecule, as suggested by Pierce and 
Parsons [ 11. 
3.4. Copy number of the hTSHp gene 
AS shown in fig. 1, the Southern blot patterns of 
PvuII and Hind111 fragments of human genomic 
DNA each gave single bands of about 2.0 and 
14 kbp, respectively. The EcoRI fragments of the 
DNA gave two bands, in accordance with the no- 
tion that the short intron carries an EcoRI site(s). 
These observations strongly suggest that the 
human TSH,f3 gene is a single copy gene. 
3.5. Comparison of the hTSHP gene with the fl 
genes of other glycoprotein hormones 
The general features of the hTSH,B gene are 
similar to those of genes for thep subunits of other 
glycoproteins such as hCG or hLH [l&21]. The 
location of the intron within the amino acid coding 
region of hTSH,B gene is identical with those 
known for hCG,8 and hLH@ genes. Another intron 
is located 15 bp downstream from the translational 
initiator methionine codon in both the hCGP and 
hLH,& genes, as shown elsewhere [20]. This intron 
is not present in the hTSH,8 gene, suggesting that 
the hTSH,& gene diverged from a common 
ancestral gene before the other 3 glycoprotein ,.8 
subunit genes during evolution. The amino acid se- 
quence is conserved to some extent and 
homologous regions are found in both exon 2 and 
3 of hLH,B and hTSm (fig.4a). The nucleotide se- 
quence, on the other hand, is poorly conserved 
with homologous regions only in exon 2 of the 
hLw gene (fig.4b). This narrow but highly con- 
served region, both in terms of amino acid se- 
quence and nucleotide sequence, was identical to 
the corresponding region in ,8 subunit of other 
glycoproteins [30] that is known as the CAGY 
region. From the standpoint of molecular evolu- 
tion, it is of interest that the region of complete 
identity in nucleotide sequence is just limited to the 
CAGY region among other observed regions of 
homology in amino acid sequence. 
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